Since the landmark isolation in 2007 of the first diborene, (IDip) 2 B 2 H 2 (I, IDip = 1,3-bis(2,6-diisopropylphenyl)imidazol-2ylidene) from the reduction of (IDip)BBr 3 (Scheme 1), 1, 2 the targeted synthesis of doubly Lewis-base-stabilised boron-boron double bonds has greatly advanced. [3] [4] [5] [6] [7] [8] It was not until 2016, however, that a rational high-yielding synthesis of two dihydrodiborenes, (SIDep) 2 B 2 H 2 (II, SIDep = 1,3-bis(2,6-diethylphenyl)-4,5dihydroimidazol-2-ylidene) and (cAAC) 2 B 2 H 2 (III, cAAC = 1-(2,6diisopropylphenyl)-3,3,5,5-tetramethylpyrrolidin-2-ylidene) 9 was achieved by selective hydrogenation of the diboryne and diboracumulene precursors, (SIDep) 2 B 2 (IV) 9 and (cAAC) 2 B 2 (V), 10 respectively (Scheme 1). The cyclic (alkyl)(amino)carbene-supported diborene III has already shown promising CO activation reactivity, 11 and unpublished work by our group is confirming the remarkable versatility of this compound in the activation of a wide range of small molecules. Until now, however, the exploration of its reactivity has been severely limited by the complex multi-step synthesis required to obtain III (Scheme 1): starting from the particularly challenging and unreliable three-step synthesis of highly sensitive B 2 Br 4 , which can only be stored at -70 °C (ca. 30 -60% overall yield for steps A -C), 12 the bis(cAAC) adduct is formed by addition of 2 equiv. cAAC to B 2 Br 4 (step D, quantitative). 10 Subsequent reduction of (cAAC) 2 B 2 Br 4 with 4 equiv. sodium naphthalenide yields the diboracumulene V (step E, 74% isolated yield), 10 which can be hydrogenated at room temperature to yield diborene III (step F, 74% isolated yield). With a maximum overall yield of ca. 30% from commercial B 2 (NMe 2 ) 4 over six steps, large amounts of by-products and often highly sensitive reaction conditions, the current synthesis of III poses serious problems of scalability. In this paper, we report an facile, high-yielding three-step synthetic route to III from commercially available borane precursors, and describe the isolation of a unique (halo)hydroboryl anion intermediate, as well as the doubly reduced dianion of III. The cAAC-supported (dihalo)hydroboron compounds (cAAC)BHCl 2 (1a) and (cAAC)BHBr 2 (1b) were obtained in good yield from the addition of cAAC to the corresponding dimethylsulfide precursors, BHX 2 ·SMe 2 (X = Cl, Br; see Supporting Information for synthetic details and Fig. S16 for X-ray structure of 1b). 1a and 1b each displayed a broad 1b with 2.1 equiv. lithium sand in THF resulted in the rapid formation of a deep blue suspension. The filtrate displayed a single broad 11 B NMR resonance at 40.5 ppm, suggesting the formation of dihydrodiborene III (Scheme 2). 9 This was confirmed upon extraction and crystallisation of the product from hexanes. A scaled-up synthesis starting with 11.0 mmol of commercial BHCl 2 ·SMe 2 provided III in 72% isolated yield, without need for intermediate purification. This facile, scalable three-step synthesis of dihydrodiborene III from commercially available BX 3 ·SMe 2 and BH 3 ·SMe 2 , or BHX 2 ·SMe 2 , which produces SMe 2 and LiX as sole and easily removed byproducts, should greatly facilitate further exploration of its reactivity towards other small molecules. Interestingly, the synthesis in Scheme 2 also represents the first example of diborene formation from the reductive coupling of a cAAC haloborane adduct, a reaction that has thus far never been shown to produce B-B-bond-containing products. Instead, studies from our group and that of Bertrand have indicated that the excellent π-acceptor properties of cAACs 13, 14 favour the formation of boryl radicals, 15 boryl anions [16] [17] [18] and borylenes [19] [20] [21] [22] through π backdonation from the electron-rich low-valent boron to the cAAC ligand.
With this in mind, we set out to isolate potential intermediates in the reduction of 1a and 1b to III. While the low-temperature reduction of 1b in a range of solvents with varying stoichiometries of reducing agents provided no evidence of intermediates, the reduction of its dichloride analogue 1a with 2.2 equiv. KC 8 in THF proceeded much more slowly through colour changes from green to blue, suggesting the possible formation of a boryl radical or boryl anion intermediate. Although 2a and 2a' could only ever be isolated in small amounts (less than 20% yield) their formation was reproducible. At room temperature, toluene solutions of isolated crystals of 2a or 2a' slowly turned green then deep blue, concomitant with the slow formation of diborene III and free dibenzo-18-crown-6 as observed by 11 B and 1 H NMR spectroscopy, and presumably loss of KCl. These observations lead us to conclude that the reduction of 1a or 1b to diborene III most likely proceeds via a (halo)hydroboryl anion intermediate.
During the scaled-up synthesis of III following Scheme 2, an orange solid insoluble in aliphatic hydrocarbon solvents was isolated as a by-product in ca. 7% yield. In C 6 D 6 this compound presented as single broad 11 B NMR resonance around 14 ppm and a 7 Li NMR singlet at -0.26 ppm. Cyclic voltammetry performed on diborene III in THF also showed a partially reversible reduction peak (E 1/2 ) at −2.62 V (Fig. 2) . Calculations performed on III reveal a HOMO delocalised, as expected, over the CBBC π-bonding system (Fig. S19) , whereas the LUMO is constituted of π*-bonding B-C interactions and adjacent π*antibonding C-N interactions. Indeed the reduction of 1a or 1b with 4 equiv. Li or of III with 2. Solutions of dianion 3 left to stand open in the glovebox underwent a slow colour change from orange via green to blue, concomitant with the reformation of diborene III, presumably through hydrolysis with trace water in the glovebox atmosphere.
In this work we have presented the first example of diborene formation by the reductive coupling of two cAACsupported dihaloboranes. Furthermore we succeeded in isolating a unique and extremely sensitive (halo)hydroboryl anion intermediate, as well as the doubly reduced dianion of (cAAC) 2 B 2 H 2 , which displays formal B=C double and B-B single bonds. With this
